. Mechanism of class A rSAM MT RlmN. 1 RlmN methylates an adenine in 23S-tRNA by first methylating a Cys in the enzyme, and then using 5'-dA• derived from a second SAM to abstract a hydrogen atom from the methylated Cys. The resulting radical is added to the adenine, and oxidized to a cation. Deprotonation generates a neutral intermediate that is resolved by disulfide bond formation. Since RlmN does not formally transfer a methyl group, but rather a methylene group, class A rSAM MTs could be referred to as methylases. 
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AEDLKLLAPLAKDGLVDVDEKGIQVTAKGRLLIRNICMCFDTYLRQKARMQQFSRVI---* : . * : * **:: .. : Figure S10. Tandem ESI-MS on TbtA core peptide containing six D 2 -Cys residues. The tandem MS analysis was performed on the precursor peptide pre-treated with endoproteinase GluC to remove most of the leader peptide. 2 Analysis of the tandem MS data reveals that six D 2 -Cys were incorporated into the peptide. The deuterium content at Cys4 was estimated by determining the deuterium content of the b7 ion in comparison to the deuterium content of the b6 ion: [peak intensity of the b 7 ion (m/z = 639)/ (peak intensity of the b 7 ion (m/z = 639) + the peak intensity of b7 − 1 ion (m/z = 638))] -[peak intensity of the b 6 ion (m/z = 534)/ (peak intensity of the b 6 ion (m/z = 534) + the peak intensity of b6 − 1 ion (m/z = 533))]. The methylated product and SAH can bind to the enzyme, SAM1 can be cleaved to initiate the hydrogen atom abstraction from the methylated peptide. Its methyl group would be expected to occupy a very similar position as the methyl group of SAM2 during normal turnover. Reduction of the resulting radical to the anion and protonation results in exchange (analogous to pathway a in Figure 2 ), or hydrogen atom abstraction from a redox active residue in the active site (analogous to pathway b, Figure 2 ) would result in exchange. (b) An alternative mechanism involves deprotonation of the methyl group, the reverse of the protonation step that provides the product in pathway a. The mechanism in panel (a) requires SAM cleavage whereas the mechanism in (b) does not. Unfortunately, we were not able to determine whether a hydrogen is transferred from the methyl group to 5'-dA during prolonged reactions because of extensive abortive SAM cleavage. Ade = adenine. Table S1 . Oligonucleotide primers used in this study. All sequences are provided 5′ to 3′. F indicates a forward primer while R indicates the reverse primer.
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